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•SECTION I
CHAPTER I
INTRODUCTION

"Taxonomy is no better than the criteria on which it is based. In
many instances it has reached an impasse for lack of sufficiently
definitive differentiating tests applicable to members of a given genus
or species" (Crowle 1961:129). Techniques such as immunodiffusion,
imnaunoelectrophoresis, and electrophoresis have remarkable potentialities for separating and distinguishing between proteins and would
seem to offer new opportunities in the field of taxonomy.
According to Pauly (1962:5), "No phylum in the animal kingdom is
without members of uncertain taxonomic position. " Since the time of
Darwin emphasis in classification has been on the phylogenet\ic method
in taxonomy and is based on the morphological data (Gerneroy 1943).
There is a great need for some source which can provide additional
data to supplement the previous methods based chiefly on morphology.
Methods employing molecular differentiation might well reveal hidden
relationships, change the present position in classification of members
of certain groups, or confirm the present classification.
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This study was attempted to establish phylogenetic relationships
among the members of the subfamily Triatominae at the molecular
level.

Three methods were employed:

Initially (1) The tube precipi

tin test, employing whole bug and egg extracts as antigens; (2) Immu
nodiffusion, using egg extracts as antigens; rabbits were used for the
production of antisera; and (3) Electrophoresis for separation of the
protein components of Triatominae hemolymph.
The results derived from these studies have been evaluated
visually and by computer analysis; these data have been compared
with Ryckman's (1962) biosystematic investigation of the Triatoma
Protracta Complex.

CHAPTER II
REVIEW OF LITERATURE

The first simple procedures in molecular biology were reported
near the end of the nineteenth century with the discovery of the precipitin reaction by Kraus in 1897. He observed the presence of a
precipitate when a cell free filtrate of a culture of Salmonella typhi
(Zopf) was mixed with its antiserum. From this observation it was
established that a soluble antigen with its antibody would produce a
precipitate.
Five years later Ascoli (1902) perfected the ring test. Nuttall
(1904) first suggested its application to the classification of animals
in his book, "Blood Immunity and Blood Relationships" in which he
summarized the results of 16, 000 tests using 30 different antisera on
900 species of animal blood. This important study laid the ground
work for systematic molecular investigations.
Petrie (1932) originated a technique using a simple agar diffusion
plate for identifying bacteria. The unknown microorganisms were
cultured on agar containing specific antiserum for a known bacterial
genus, species, or group. If a halo or band of precipitate formed
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around a colony planted on such agar due to the reaction of antiserum
with antigen diffusing from the colony, the inoculated bacteria were
assumed to be similar to those from which the antiserum had been
prepared.
During the years which followed 1904 very little was accomplished
in this field until the invention of the photronreflectometer by Libby
(1938), this instrument provides a quantitative measure of the precipitate formed. Since this discovery many serologists have conducted
investigations to determine phylogenetic relationships in crustacea,
insects, fish, reptiles, and birds. Gemeroy (1943) studied the
relationships of 31 species of fresh and salt water fishes employing
the precipitin ring test and the photronreflectometer. The results
obtained from this investigation agreed with the taxonomic positions
based on morphology. West et al. (1959) using rabbits for the production of antisera were able to distinguish six species of neodiprion
sawflies, and were able to demonstrate an indication of degrees of
relationship among the species using the photronreflectometer.
In 1957 Pauley and Wolfe published their study, "Serological
Relationships Among Members of the Order Carnivora. " Their
results indicated a serological basis for the classification of the
Carnivora.
Pauley (1962) continued these studies by using rabbits and
chickens for the production of antisera to members of the Felidae.
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The photronreflectometer was used to analyze the results.

One hun

dred and thirteen serological tests were performed using blood sera
of 19 different species from ten families of the order Carnivora,
serum from one species of the order Artiodactyla, and serum from
one species of the order Primates.

From this study a serological

basis for a revised classification of the family Felidae and for the
order Carnivora was suggested.
The precipitin reaction as perfected by Ascoli was used exten
sively in systematic serology and even to the present time can only
demonstrate one antigen antibody system.

However, as early as 1946,

Oudin, by using a newer method was able to demonstrate that a crude
antigen might be composed of more than one system.

This was

achieved by placing an agar antibody mixture in a tube, then overlay
ing the jelled mixture with the antigen.

As the antigen diffused down

the column a band formed for each antigen-antibody system present.
This became known as the single-diffusion technique.
While Oudin (1946) was working on his single-diffusion technique,
agar double-diffusion techniques were being developed independently
in Sweden and in England by Ouchterlony (1948) and Elek (1949) respectively.

This technique was based on the principle that if antigen

and antibody was allowed to diffuse into a common meeting ground
from sources set at right angles to each other, each antigen-antibody

system would flocculate in an individual plane to form a precipitate
band.
These new techniques which could separate or segregate molecules quickly found their way into the laboratories of many investigators, and they were soon applied to numerous problems involving the
antigen antibody reaction. The number of publications mentioning the
new technique of immunodiffusion increased to such a proportion that
it was impossible to survey them completely (Crowle 1961:6).
Double-diffusion techniques were found to be important in differentiation of virus (Gispen 1955), fungi (Heiner 1958), mammals
(Dray and Young 1959), and some invertebrates (Went and Mazia 1959).
Perlrnann (1959) used rabbits to develop antisera to unfertilized eggs
from several species of sea urchins. He used the immunodiffusion
test to identify individual egg antigens and to differentiate eggs
obtained from the species studied.
The most significant advance in immunodiffusion was the development of an improved technique known as immunoelectrophoresis. In
this procedure one of the reactants is fractionated electrophoretically
before it is allowed to precipitate with the other. Adding the electrical
mobility to the already existing double diffusion test gave imrnunoelectrophoresis the combined sensitivity, of both the old and new procedures. It has proved useful for detecting and identifying individual
components in a multiple component system, and also for detecting the
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purity of any one component system. This procedure is widely used
today in the detection of abnormal proteins in pathological sera
(Campbell et al. 1964:149).
At the present time many workers who are engaged in studies at
the molecular level are employing electrophoresis in various forms.
This technique was originally perfected by Tiselius (in Bier, 1959)
who in 1948 received the Nobel prize in chemistry for his contribution.
In 1937 Tiselius constructed the first cell for electrophoretic analysis
utilizing buffer as a medium for separation. The cell was constructed
in such a manner that the protein sample to be separated was placed
between the buffer in a glass U-tube to form a sharp boundary. During electrophoresis it was necessary to observe the separation optically. This separation known as the moving boundary did not separate
the fractions sharply because there was a degree of overlapping of the
bands.
The need for sharper definition in separation and a simpler technique gave rise to the use of gels and filter paper strips. The separation obtained by these materials is referred to as "zone" electrophoresis. A better resolution of the fractions is achieved by this procedure.
Paper has been extensively used in the recent past, but at the
present time it is being replaced by cellulose polyacetate strips.
In addition to the important role electrophoresis plays in clinical
diagnosis, it may be used as a taxonomic tool. Laufer (in Leone,
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1964: 171-189) using zone electrophoresis in starch gel, was able to
differentiate two closely related species of saturniid silk moths.

He

studied the developmental stages of these organisms and found that
each instar of a given species had a characteristic pattern.
Abramoff et al. (in Leone, 1964: 515-525) used starch gel electrophoresis in showing genetic relationships among toad populations in
the Lake Michigan area.

Frair (in Leone, 1964: 535-544) conducted

taxonomic studies on turtles using electrophoresis and suggested
some revision of the present classification.

Other investigators who

have used electrophoresis in the study of taxonomy are:

Leviton et al.

(in Leone, 1964: 667-671), rattlesnake venoms; Sanders (in Leone,
1964: 673-679), natural and hybrid populations of trout; and, Johnson
and Wicks (in Leone, 1964: 681-694), serum proteins of mammals.
Van Sande and Karcher (1960) studied seven species of kissing
bugs in four genera of Triatominae by using microslide electrophore
sis of the bugs' hemolym ph.

The species used in this study were:

Triatoma infestans (Klug), 1834; Triatoma vitticeps (Stal), 1859;
Triatoma brasiliensis Neiva, 1911; Panstrongylus megistus
(Burmeister), 1835;

Triatoma sordida (Stal), 1859; Rhodnius prolixus

Stal, 1859; and, Rhodnius pallescens Barber, 1932.

The patterns

obtained from this study appeared to be specific for each of the species
regardless of age, sex, or infection with Trypanosoma cruzi Chagas,
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1909. This investigation is of interest and suggests that electrophoresis of the hemolymph of these insects may be of taxonomic value.

CHAPTER III
PRELIMINARY INVESTIGATION WITH TRIATOMINAE TISSUE
AND OVA EXTRACTS
The present study was conducted to establish antigenic r.elation
ships among five of the members of the subfamily Triatominae by
using antigen extracts made from whole bugs and from embryonated
eggs in all stages of development.

The work of Perlmann (1953)

indicates that there are antigenic differences in the several species
of sea urchin eggs studied.

He states that the eggs of closely related

species have several antigens in common, but they each contain antigens peculiar to themselves; the more distantly related eggs share the
fewest antigens.
The test 'organisms used in the present study were Triatoma
protracta protracta, _'.!'. barberi, _'.!'. sinaloensis, T. phyllosoma, and
T. sordida.

Rabbits were used for the production of antisera; the

precipitin ring test was used to check antigenic differences of the
organisms.
Materials and Methods
The antigens used were of two types, one from the tissue extracts
of the Triatoma bugs, and the other extracts from their ova.
10
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tissue extract was made by grinding twelve adult male and female bugs
in a mortar in normal saline. This mixture was placed in centrifuge
tubes and centrifuged at 3, 000 r. p. m. to remove the residue. The
supernatant solution was placed in a rubber-stoppered vaccine bottle
and labeled "tissue extract." In the preparation of the ova antigen the
ova were washed in normal saline until clean. One hundred ova in all
stages of development from each of the species studied were placed in
culture tubes and crushed with a glass rod. The crushed ova suspension was placed in centrifuge tubes and centrifuged to remove the egg
shells. The supernate was then diluted up to BaSO4 nephelometer #7
and placed in a rubber-stoppered vaccine bottle. Antigens were kept
in a frozen state at -10° C. until ready for use. In this preliminary
experiment antiserum was produced for Triatoma protracta protracta
only; the ova antigens made from the other species (i. e., phyllosoma,
sordida, barberi and sinaloensis) were tested against anti-Triatoma
protracta protracta rabbit serum.
In preparing the antiserum, four immunizations were administered
to each of four rabbits at one week intervals. Each dose consisted of
2. 0 cc. of equal parts of antigen and alginate adjuvant administered
intramuscularly. Immediately following the injection of the antigen

. the syringe was removed leaving the needle in situ. Then a syringe
containing 600 milli-equivalents of calcium ion as calcium chloride in
a volume equal to that of the antigen was connected to the needle and
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injected. Two of the rabbits were immunized with Triatoma protracta
protracta tissue extract and two rabbits were immunized with T. p.
•••••••

protracta ova antigen.
A 10. 0 cc. blood sample was taken from each rabbit by cardiac
puncture the day prior to receiving the primary immunization series.
This was done to obtain a pre-immunization base titer. Seven days
after the last immunization the rabbits were exsanguinated by cardiac
puncture. The blood was placed in test tubes and allowed to clot. The
serum was then removed from the clot and stored in a frozen state.

Test Procedure
Both antisera were titered by performing precipitin ring tests
using undiluted antisera with two-fold serial dilutions of the antigen.
The titer for the antiserum developed by tissue extracts was 1:32, and
the antiserum developed by the ova extract was 1:1024. The tissue
extract antiserum was too dilute to give reliable results and was not
used in this investigation.
Antiserum (0.01 cc.) developed from ova extracts was placed in
the bottom of 5 serology tubes (5. 0 x 0. 5 cm.); a control was set up
using 0. 01 cc. of normal rabbit serum. The five antigens (protracta,
phyllosoma, sordida, barberi, and sinaloensis) were used to overlay
the antiserum in the precipitin tubes, one antigen to each of the five
tubes. All tubes gave a ring of precipitate. The procedure was
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repeated using the tubes containing the normal rabbit serum; these
control tests gave no precipitate.
Five 0. 5 cc, portions of anti-Triatoma protracta protracta rabbit
serum were placed into five test tubes, and 0. 5 cc. of each of the respective antigens were added to the antisera. These were mixed and
held in a refrigerator at 4° C. for twelve hours. At the end of this
period they were centrifuged until all the precipitate was packed. The
supernatant portion was removed from each tube and labeled antiTriatoma protracta protracta absorbed rabbit serum; anti-T. protracta
protracta, T. phyllosoma absorbed serum; anti-T. protracta protracta,
T. sordida absorbed serum; anti-T. protracta protracta, T. barberi
absorbed serum; anti-T. protracta protracta, T. sinaloensis absorbed
serum respectively.
To determine if complete absorption had occurred, a small portion of each of the absorbed antis era was placed separately in five
serology tubes (5. 0 x 0. 5 cm.). A ring test was performed on each
sample using the same antigen that was used in each of the absorption
tests. A negative ring test confirmed complete absorption.
In order to determine the relationship of the other four species to
Triatoma protracta protracta, a ring test was performed on each
absorbed sample using T. protracta protracta antigen. The results
are given in table 1.
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Table 1
Ring test reaction of Triatoma protracta protracta
ova antigen with Triatoma protracta protracta ova
antiserum after absorption
Absorbed with:

Ring test:

T. E: protracta
T. barberi
T. sinaloensis

+

T. phyllosoma

+

T. sordida

+
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In tube 1 (T. protracta protracta) all the antibodies had been
removed previously by absorption, therefore the negative result. In
tube 2, T. phyllosoma ova extract lacked some of the antigens capable
of reacting with anti-T. protracta protracta rabbit serum, therefore
some antibody was present and reacted with the T. protracta protracta
antigen, thus giving a positive ring test. In tube 3, T. sordida showed
the same type of result as occurred in tube 2. In tube 4, T. barberi
removed all the antibodies for T. protracta protracta resulting in a
negative ring test. Tube 5 (T. sinaloensis) showed the same positive
result as in tubes 2 and 3.
The results of this investigation suggested that T. protracta protracta and T. barberi were closely related since they both had the
same absorption characteristics. The other three lacked some antigens that were common to T. protracta protracta and T. barberi.
Ryckrnan (1962) has shown that Triatoma protracta will more
readily hybridize with Triatoma barberi than will Triatoma sinaloensis;
all three species are members of the Protracta Complex. Triatoma
sordida and Triatoma phyllosorna definitely are not closely related
phylogenetically to the Protracta Complex on morphological grounds
and by hybridization evidence; the antigen-antibody reaction also confirms their relationship.

CHAPTER IV
IMMUNODIFFUSION STUDIES OF TRIATOMINAE

The results from the above preliminary investigations demon
strated the following:
extracts.

l. Ova should be used instead of insect tissue

2. Rabbits were capable of producing antibodies to many of

the antigens present in egg extracts.

At this point it became evident

that the precipitin reaction should be conducted in agar gel, i. e. ,
immunodiffusion, because this procedure is capable of analyzing
mixed antigen-antibody systems.

The immunization procedures for

the following investigation were conducted according to Campbell et al.
(1964).
Triatominae representing fourteen species and subspecies were
used in this study.

These species and subspecies are listed below:

(1) Triatominae barberi Usinger; (2) Triatominae sordida (Stal);
(3) Triatoma sinaloensis Ryckman; (4) Triatoma protracta protracta
(Uhler), rough egg population; (5) Dipetalogaster maximus (Uhler);
(6) Triatoma lecticularius (Stal); (7) Triatoma peninsularis Usinger;
(8) Triatoma rubida uhleri Neiva; (9) Triatoma protracta navajoensis
Ryckman; (10) Triatoma protracta nahuatlae Ryckman; (11) Triatoma
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brasiliensis Neiva; (12) Triatoma protracta zacatecensis Ryckman;
(13) Triatoma protracta woodi Usinger; (14) Triatoma protracta pro
tracta (Uhler). smooth egg population.

Materials and Methods
The preparation of antisera was the most important and the most
time consuming part of this procedure.

Fourteen antigens consisting

of ova extracts, prepared as outlined above were used to immunize 28
rabbits- -two rabbit.s to each antigen.

Ten cubic centimeters of blood

were taken by cardiac puncture from each rabbit on the day before the
animals were immunized.

This was used as a base titer for compari-

son.
Equal portions of egg antigen and Freund's adjuvant were mixed
by repeated withdrawals and ejection of the emulsion with a l 0. 0 cc.
syringe using a 19 gauge needle.

The mixture was determined to be

ready for use when a drop of the emulsion remained intact on ice
cooled water.

The rabbits were then immunized by injecting sub

cutaneously 1. 0 cc. portions at each of five sites.
they were test bled from the ear.

Eight weeks later

The serum was separated and

titrated by the quantitative precipitin reaction test of Campbell et al.
(1964).

When the titers were high, the animals were bled by cardiac

puncture.

The blood was allowed to clot, and the serum removed.

The

serum from each of two rabbits immunized with the same antigen was
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pooled and placed in screw cap tubes.

These antisera were kept in a

frozen state at -10 ° C. until ready for use.
To a 250 cc. flask containing 0. 85 grams of Ionagar #2 was added
93. 0 cc. of normal saline and 5. 0 cc. of borate buffer.
melted by heating the flask in a boiling water bath.

The agar was

It was then cooled

to 50 ° C., and 1. 0 cc. of a 1 % merthiolate solution was added to pre
vent bacterial growth.

The pH of the agar when ready for use was

adjusted to be within the range of 7. 8-8. 0.

Six cubic centimeter por

tions of the melted agar was pipetted onto clean glass slides and
allowed to solidify.

When the agar was solidified completely, the

slide was placed on a template.
cork borer (figure 1).

Circles were cut in the agar with a

The agar was carefully lifted out of the circles

with a needle leaving clean-cut wells.

In order to prevent drying of

�he agar the prepared agar slides were placed in a covered petri dish
and stored in a moist chamber until ready for use.
One tube of each of the fourteen standardized antigens with a tube
of its corresponding antiserum was removed from the deep freeze and
allowed to thaw at room temperature.
following assigned testing order:

The tubes were arranged in the

1. Triatoma barberi, 2. T. sordida,

3. _:!. sinaloensis, 4. _:!. protracta protracta (rough egg pop.),
5. Dipetalogaster maximus, 6. T. lecticularius, 7. _'.!. peninsularis,
8. T. rubida uhleri, 9. T. protracta navajoensis, 10. T. protracta
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nahuatlae, 11. T. brasiliensis, 12. T. protracta zacatecensis,
13. T. protracta woodi, 14. T. protracta protracta (smooth egg pop.).
The wells in the agar plates were numbered in a clockwise manner
beginning with #1 at 12 o'clock. Each well consistently represented
the same antigen. The center well was used for the antibody, and the
plates were numbered with the number of the antibody which had been
placed in the center well (see figure 1). A clean pipette was used to
pipette each of the antigens and the antibodies into its respective well.
All of the #1 wells were filled with T. bar ben antigen, the #2 wells
were all filled with T. sordida antigen, etc. until all the antigen wells
in all fourteen plates were filled. In each of the fourteen tests, one
antibody was placed in the center well in the same order, i. e., 1-14.
The plates were then placed in the moist chamber and incubated at 37 °
C.; these were observed daily, and at the end of a five-day period they
were removed and flooded with 20% ethyl alcohol to stop any further
diffusion. Photographic records were made at this time by contact
prints of the plates.

Discussion and Conclusion
The fixed plates all demonstrated precipitate lines. These lines
resulted from antigen-antibody reactions and appeared to be of different types on some of the slides. Figures 5-18 are line drawings of
the fourteen agar gel diffusion tests performed on 2" x 3" glass slides.

Enlarged Photograms of Slide Gel Diffusion Reactions Between
Anti-Triatominae Ova Rabbit Sera and the Respective Ova Antigens

Figure 1
Reaction between anti-Triatoma sordida rabbit serum and the
fourteen Triatominae ova antigens. The arrow points to the white
precipitate line formed by the antigen-antibody reaction. This photogram is copied in figure 6.
Figure
Reaction between anti-T. sordida rabbit serum absorbed with
T. barberi ova antigen and the fourteen Triatominae ova antigens
demonstrating the removal of the common antibody by the absorption
technique.
Figure 3
Reaction between anti-T. sordida rabbit serum and the ova antigens
of T. sordida #2, T. brasiliensis #11, T. p. protracta #4, and D.
maximus #5, demonstrating a reaction of identity or relationship.
Figure 4
Reaction between anti-T. brasiliensis rabbit serum and the fourteen Triatominae ova antigens. The arrow indicates a double line, the
result of two antigen-antibody systems. This photogram is copied in
figure 15.

Line Drawings of Slide Gel Diffusion Reactions
Between Anti-Triatominae Ova Rabbit Sera and
the Respective Ova Antigens

Figures 5-18
The following plates illustrate the results of the antigen-antibody
reactions involving the fourteen anti-Triatominae ova rabbit sera and
the corresponding ova antigens performed on 2" x 3" glass slides.
The outer circles on each slide, numbered 1-14, contained the
antigens and the center numbered circle the antibody. The arrow in
figure 5 points to the precipitate line formed by the antigen-antibody
reaction.
The species name below the slide identifies the antiserum used in
the center well as well as the antigen in the outer circle having the
same number.
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Triatorna barberi

T. sinaloensis

Dipetalogaster maximus

T. sordida

T. protracta protracta (rough)

T. lecticularius

24

T. peninsularis

T. rubida uhleri

T. protracta navajoensis

T. protracta nahuatlae

T. brasiliensis

T. protracta zacatecensis

25

T. protracta woodi

T. protracta protracta (smooth)
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The name under each drawing indicates the antiserum in the center
well. Reference is made to these illustrations in the following discussion.
A solid precipitate line making a complete circle around the
center numbered well indicates one antigen-antibody system, (see
arrow in figure 5). If more than one line exists this indicates that
there is more than one antigen-antibody system present--as many as
there are precipitate lines (see figure 15). Some of the precipitate
lines do not continue around the circle and appear to project outward.
These are referred to as spurs'(see arrows on figure 6). This phenomenon occurs when one or more of the wells contain antigens in
addition to the common antigen. The common or related antigens
form a continuous line and the unrelated ones do not. When they all
appear in the same slide the unrelated lines form spurs, (Campbell
et al. 1964:148).
Whenever two antigen wells on either side of another contain two
common antigens each, and the middle contains only one, two spurs
will form on either side pointing toward the middle antigen. Since
these antigens are common to each other they will join forming a triangle if the reaction is strong enough for them to meet, (see figure 8,
wells 2 and 11). If they do not join as in well 5, the reaction might be
too weak or the antigens on either side might be different.
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All of the slides pictured (figures 5-18) demonstrate a continuous
precipitate line indicating a common relationship among the 14
Triatominae, (see arrow in figure 5).
Slides involving antis era (center well) #1, 3, 5, 6, 7, 12, and 14
demonstrate only this common antigen component in the 14 outer wells.
Slides involving antisera #2 and 11 (figures 6 and 15) demonstrate
prominent spurs opposite antigens 2 and 11 indicating partial identity,
see arrows. These two Triatominae, Triatorna sordida and T. brasiliensis, are South American species, both give a similar reaction,
indicating that they possess an antigen in common that is distinct from
the North American Triatominae.
The close similarity of T. sordida to T. brasiliensis suggested
further testing to confirm their relationship to each other. Figure 1 is
an enlarged photogram of T. sordida showing the white precipitate line
and spurs opposite wells #2 and #11.
The first test was conducted to determine their possible relationship by removal of the common antibody. This was done by absorbing
anti-T. sordida rabbit serum with T. barberi antigen, according to
the technique described above. This absorbed serum was placed in
the center well and the fourteen antigens in their proper wells. The
white precipitate line representing the common antibody did not appear
but the two lines forming spurs at #2 and #11 were evident, (see figure
2). The precipitate lines were not as prominent because absorption
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dilutes the antiserum.

This test confirmed the existence of a common

relationship and permitted the similarity between T. sordida and
T. brasiliensis to be more accurately shown.
In a second test anti-T. sordida rabbit serum was placed in the
large center well to react with the ova antigens of T. sordida#2,
T. brasiliensis #11, T. p. protracta #4, and D. maximus #5, (see
figure 3).

The faint joining of the precipitate lines formed by #11 and

#2 is known as a reaction of identity or relationship.
that#11 and# 2 are related.

This indicates

The lines produced between T. .P.· pro

tracta and D. maximus were too weak to demonstrate any type of
relationship.
Note the close similarity of Triatoma sordida #2 and T. brasilien
sis#11 in the photograms shown in figures 1 and 4.
Slides involving antisera #4, 8, 9, 10, and 13, (figures 8, 12, 13,
14, and 17) demonstrate a triangular reaction opposite Triatoma sor
dida #2, Dipetalogaster maxim us #5, and T. brasiliensis #11, see
arrows.

This indicates that T. sordida #2 and T. brasiliensis#11

· (which are South American species), and D. ma,ximus#5, a monotypic
genus from Mexico, are all different from the other 11 North
American populations studied.
From the above it is concluded that all of the species tested
possess at least one antigen in common.

However, Triatoma sordida,

T. brasiliensis and Dipetalogaster maximus possess antigens which
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are distinct from members of the Protracta Complex, i. e., T. protracta protracta, T. protracta woodi, T. protracta nahuatlae,
T. protracta zacatecensis, T. protracta navajoensis, T. sinaloensis,
T. barberi, T. peninsularis, and T. rubida. The latter is not a member of the Protracta Complex.
According to the present arrangement of the antigens in the diffusion plates, only a limited number of antigens could be compared
with these three, i. e., Triatoma sordida, Dipetalogaster maximus,
and Triatoma brasiliensis. In order to completely study the relationships of each of the species with each other, each antigen should be
compared with every other antigen. The most logical way to accomplish this would be to compare three antigens at a time on one plate.
To study each plate in this manner would require 364 diffusion tests,
and for the entire study it would require 14 x 364 or 5, 096 comparative
diffusion tests (Defares and Sneddon, 1960). This technique would be
practical for comparing two to four populations but it does not seem
to be a practical approach for large numbers.

SECTION II
CHAPTER V
ELECTROPHORESIS OF TRIATOMINAE HEM OLYMPH

INTRODUCTION

The study conducted in Section I using antigen-antibody systems
demonstrated antigenic differences which were capable of segregating
the North American species of Triatorninae from the South American.
The monotypic North American genus Dipetalogaster was also differentiated from these populations. The agar-gel diffusion technique
showed a common relationship with the North American Triatominae
but could not differentiate them. Electrophoresis with its ability to
separate proteins taken directly from the bugs in hemolymph proved to
be a practical way to carry on this investigation.

Materials and Methods
The data presented below are based on the hemolyrnph drawn from
180 fifth-instar nymphs; five males and five females were used from
each of the 18 populations studied. Throughout the research and
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development of this investigation over 600 samples of Triatorninae
hemolymph were studied.
The geographical locations at which each of the 18 populations
were collected is as follows:
Triatominae Sources
Triatoma protracta protracta (Uhler); (smooth egg population)
13 mi. S. Loma Linda, Riverside Co., California.
December 26, 1949. R. E. Ryckrnan.
Triatoma protracta protracta (Uhler); (rough egg population)
Mt. Diablo, Contra Costa Co., California.
April 2, 1949. R. E. Ryckrnan, E. E. Ryckrnan.
O

Triatoma protracta woodi Usinger
9-mi. N. W. Carrizozo, Lincoln Co., New Mexico.
September 3, 1957, R. E. Ryckrnan, D. Spencer, A. E. Ryckman,
J. V. Ryckman.
Triatoma protracta nahuatlae Ryckman'
12 mi. N. Los Mochis, Sinaloa, Mexico.
July 23, 1957. R. E. Ryckrnan, D. Spencer, A. E. Ryckrnan,
J. V. Ryckman.
Triatoma protracta navajoensis Ryckrnan
S. D. A. Mission, Monument Valley, Utah.
April 30, 1954. V. Y. Muth.
Triatoma protracta zacatecensis Ryckman
34 mi. N. Fresnillo, Zacatecas, Mexico.
August 9, 1957, R. E. Ryckman, D. Spencer, A. E. Ryckrnan,
J. V. Ryckman.
Triatoma peninsularis Usinger
2 mi. N. Cabo San Lucas, Baja California Sur, Mexico,
July 15, 1957. R. E. Ryckrnan, A. E. Ryckman, J. V. Ryckman,
D. Spencer.
Triatoma barberi Usinger
Sola de Vega, Oaxaca, Mexico,
August 1, 1960. R. E. Ryckrnan, A. E. Ryckman, C. P. Christianson.
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Triatoma sinaloensis Ryckman
11 mi. E. El Fuerta, Sinaloa, Mexico.
July 22, 1957. R. E. Ryckman, A. E. Ryckman, J. V. Ryckman,
D. Spencer
Triatoma rubida uhleri Neiva
Superstition Mt., Pinal Co., Arizona.
May 14, 1963. R. E. Ryckman, P. J. Williams.
Triatoma rubida sonoriana Del Ponte
15 mi. S. and 5 mi. E. Los Mochis, Sinaloa, Mexico.
July 13, 1964. R. E. Ryckman, C. P. Christianson.
Triatoma rubida cochimiensis Ryckman
150 -mi. N. W. La Paz, Baja California, Mexico.
July 18, 1964. R. E. Ryckman, C. P. Christianson.
Triatoma lecticularius occulta Neiva
15 mi. W. Hondo, Medina Co., Texas.
August 27, 1965. R. E. Ryckman, A. E. Ryckman, J. V. Ryckman,
D. Spencer.
Triatoma infestans (Klug)
Minas Gerais, Brazil.
1958. H. Espinola.
Paratriatom.a hirsuta hirsuta Barber
9 mi. S. W. Congress Jct. , Yavapai Co. , Arizona.
May 13, 1963. R. E. Ryckman, P. J. Williams.
Paratriatoma hirsuta yumanensis Ryckman
San Francisquito Bay, Baja California, Mexico.
June 23, 1963. R. E. Ryckman, P. J. Williams.
Dipetalogaster maximus (Uhler)
22 mi. S. La Paz, Baja California, Mexico.
July 23, 1964. R. E. Ryckman, C. P. Christianson.
Rhodnius prolixus Stal
Venezuela.
1950. A. Gabaldon.
For each test four lambda of hemolymph were collected in a calibrated micropipette. The hemolyrn.ph sample was obtained by holding
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the bug between the thumb and forefinger; the tarsus on one leg of the
insect was then clipped off with s small sharp scissors. Hemolymph
readily flowed from the wound and formed a droplet as shown in
figure 20.
A step-by-step description of the electrophoretic process is described below.
General Procedure (modified from Buchler instruction manual page 6)
1. Prepare Buffer, salt-type #1, barbitol-sodium barbitol mixture (Buchler Catalog No. 3-1035) by dissolving one bottle
of buffer in warm distilled water to make three liters of
solution. (The resulting ionic strength is approximately
O. 050; and pH, 8.6.)
2. Rinse all the powder from the Buffer bottle.
3. Let the buffer cool to room temperature.
4. Fill the Migration Chamber with 600 cc. of buffer, and tip
the chamber to one end so that the buffer becomes level in
both compartments (figure 23).
5. Place the migration chamber in a draft-free location which is
not in direct sunlight or exposed to other direct sources of
heat.
6. Soak the (Oxoid) Cellulose Acetate Strips in a separate dish in
freshly prepared buffer for a minimum of 5 minutes.

Author Displaying Equipment Used in the Investigation

Figure 19
A.

Dens icord 542 Universal Electrophoresis Densitometer with
cellulose acetate drive No. 5073.

B.

Integraph Integrator Model 49.

C.

Regulated Power Supply Unit, Spinco Model "R" Duostat.

D.

Electrophoresis Cell.
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Procedures Used in the Electrophoresis of Triatominae Hemolynaph

Figure 20
A drop of hernolymph has accumulated at the distal end of the amputated
tarsus of a 5th instar nymph of Dipetalogaster maximus; a micropipette
is shown in position ready to collect a measured amount of hemolynaph.
Figure 21
Applicator with center portion loaded with hemolymph from pipette.
Figure 22
Transferring hernolymph from sample applicator to cellulose acetate
strip.
Figure 23
Migration chamber (Electrophoresis Cell) with cellulose acetate strips
in position.
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7. Remove the cellulose acetate strips from the buffer, blot, and
place them across the plastic carrier of the migration chamber. The cellulose acetate strips adhere to strips of blotting
paper which are placed along the outer sides of the plastic
carrier (figure 23).
8. Connect the power supply unit to the cell; turn on the current
and adjust the power supply to deliver 1MA per strip for 2-4
minutes before application of the samples to the strips; this
procedure is to permit the strips to come to equilibrium.
9. Place 4 lambda of hemolyrn.ph on the center portion of the
applicator wires (figure 21).
10. Remove the strips one at a time and place them on a piece of
blotting paper moistened with buffer and apply the sample 2
inches from the end of the strip, press firmly for about 3
seconds, replace the strips (figure 22). The cell should be
kept covered except when the strips are being removed and
returned to the cell.
11. Turn on the power supply and adjust it to deliver 1MA/cellulose acetate strip. Set the timer for 1 1/2 hours.
12. After electrophoresis remove the cellulose, acetate strips and
stain in Ponceau S dye for 5 minutes.
13. Wash in 5% acetic acid until all excess dye is removed from
the cellulose acetate strips.
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14. Dry the cellulose acetate strips between 2 blotters at room
temperature.
15. Trim and label the slips, immerse them in oil for about 5
minutes or until transparent.
16. Mount the cellulose acetate strips between laminated transparencies.
The Densicord and Integraph must be calibrated according to the
instructions. (See Densicord #542 Instruction Manual, page 1203).
The cleared, mounted strip is inserted into the carrier. The instrument is allowed to warm up for one-half hour after which it is adjusted
to a zero reading on the blank portion of the cellulose acetate strip
that precedes the protein bands. This carrier when set at a 1:1 ratio
allows the strip to pass over the light slit at the same rate as the
recording paper. The scan or pattern obtained will correspond to that
of the fractions on the strip, i. e,, if the strip is placed opposite the
pattern, the fractions will line up with the peaks (figure 24). The
integraph will also count the volume of each fraction (band) by making
tally marks below the fractions. The patterns in figures 26-55 were
traced at a ratio of 2:1 as recommended for use with cellulose acetate
strips.

Electrophoretic Tracing of Triatominae Hemolymph

Figure 24
An electrophoretic pattern of Triatoma sinaloensis above the cleared
stained cellulose acetate strip from which it was scanned; the number
of vertical marks of the integraph indicate the relationship of the density of the bands to the height and volume of the peaks.
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Discussion and Conclusion
Preliminary visual inspection revealed that the resulting patterns
were characteristic and species specific. Quantitative verification
was desired, together with an objective method of classifying the
pattern of an unknown sample to a particular population.
A careful comparison of all the patterns by superimposing one
upon another suggested a composite pattern consisting of ten peaks.
These ten peaks a-j represent different proteins according to migration rates (figure 25). The numbered gradations on the base line
represent centimeters which measure migration distances to the
right or left, from the point of application zero.
In the illustrations which follow the peaks are identified with those
of the composite by letters, i. e., the peaks falling in the same location are identified by the use of the same letters. A typical Triatominae pattern may have a light a or b band, a heavy d and light to
moderately heavy

and light to moderate i or j bands. In some

species a or b are absent and in a few, a or b, and i or j are completely absent.
The patterns are visually differentiated on the basis of constant
appearance in general, number of peaks, migration rates, heights of
the peaks and volumes of the peaks. For each pattern the height,
migration from the point of application, and volume of each peak was
measured (figure 24). These measurements were punched on IBM

Electrophoretic Tracing of Triatominae Hemolyrnph

Figure 25
A composite pattern of the protein bands present in all the colonies of
Triatominae studied in this investigation.
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Comparative Electrophoretic Tracings of Dipetalogaster Hemolymph
Figures 26-31
Blood Samples 1-6. Electrophoretic tracings of six samples of hemolymph taken from one Dipetalogaster maximus 5th instar male nymph.
These figures are presented to indicate the extent of variation that may
be expected within the testing system. The arrow indicates the point of
application of the hemolymph. Peaks a, d, e, f, and i are present in
all six figures; however, some variation in height and volume of the
peaks did occur.
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maxlmuS (sample 2)

D. moximus (sample I)

8 7 6 5 4 3 2 1 0 1 2 3 4

D moximus (sample 4)

D maximus (sample 3)

8 76 54 32 1 0 1 2 34

D. moximus (sample 5)

8 7 6 5 4 3 2 1 0 1 2 3 4

10

8 7 6 5 4 3 2 1 0 1 2 3 4

8 7 6 5 4 3 2 1 0 1 2 3 4

D.

MOXIMUS (sample 6)

8 7 6 5 4 3 2 1 0 1 2 3 4

Comparative Electrophoretic Tracings of Dipetalogaster Flemolym.ph

Figures 32-37
Nymphs 1 -6. Electrophoretic tracings of hemolymph samples taken
from six different Dipetalogaster maximus 5th instar male nymphs.
These figures are presented to indicate the amount of variation that
may be expected among six bugs from an interbreeding colony. Peaks
a, d, e, f, and i were present in all bugs. The arrows indicate small
peaks which were the point of application of the hemolyrnph; these
peaks are not the result of a protein band.
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D. maxims (nymph I)

12 moximus (nymph 2)

a

T

T

•I

T

T

T T T

8 7 6 5 4 3 2 I 0 1 2 3 4

maximus (nymph 3)

8

7 6 5 4 3 2 I 0 I • 2 3 4

12 moximus (nymph 4)

8 7 6 5 4 3 2 I 0 I 2 3 4

8 7 6 5 4 3 2 I 0 1 2 3 4

0 moximus (nymph 6)

maximus (nymph 5)

a

8 7 6 5 4 3 2 1 0 I

2 3 4

8 7 6 5 4 3 2 I 0 1 2 3 4
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cards and fed into the computer and programmed for the discriminant
function prepared by the BMDO7M Stepwise Discriminant Analysis,
(Dixon, 1965: 587 -605).
Figures 26-55 illustrate the comparative differences in electrophoretic patterns that one may expect at the individual, colony, infrasubspecific, subspecific, specific, and generic levels.
The appearance of the completed tracings revealed a small amount
of variation within the populations that could not be accounted for.
In order to determine the extent of variation that may be expected
in several samples of hernolymph drawn from one specimen as compared to a series of samples drawn from several specimens the following studies were conducted. Fifth instar male nymphs of Dipetalogaster maximus were used as a source of hemolyrnph in this study. The
six tracings shown in figures 26-31 were samples of hemolyrnph taken
from one nymph at the same time. There was some variation in the e
and f peaks. The e peak was larger than the f peak in blood samples
1, 5, and 6; the f peak was larger than the e peak in blood samples 2
and 3; the e and f peaks were equal in sample 4. Peaks a, d, and i
were similar in all tracings.
Figures 32-37 illustrate the results obtained when six samples of
blood were taken from six different nymphs; peaks a, d, and i were
present in all instances; the e peak was larger than the f peak in all
instances. No f peak is indicated in samples from nymphs 1, 3, 4, and
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6 but a careful inspection of the electrophoretic strips indicated that
the two bands were present but had not separated far enough for the
writing point of the Densicord to distinguish them in the tracings.
Fluctuations in the height and volume of the peaks may be influenced
by the nutritional condition of the insect at the time the hemolyrnph was
collected. ZeledOn and Morua (1963) state that the total protein
values were different for each species of Triatominae studied and
were higher after meals and again after starvation. This would
account for fluctuations in the total protein values between meals.
The differences in total protein has an effect on the intensity of the
protein bands in the cellulose acetate strip from which the tracing is
made. Note that there is not as much variation present in the tracings
from one nymph as there is in those from six nymphs.
Figures 38-55 illustrate the electrophoretic patterns of one
typical individual from each of the 18 populations studied. The
patterns are grouped according to the T. Protracta, T. Rubida, and
P. Hirsuta Complexes. In addition to the above are those species
that belong to the genera Triatoma, Rhodnius, and Dipetalogaster.
Figures 38 and 39 are tracings from Triatoma protracta protracta smooth egg and T. p. protracta rough egg populations; these
two populations are morphologically indistinguishable. Triatoma protracta protracta smooth egg population is characterized by having
peaks at d, e, g and i locations, but T. protracta protracta rough egg

Comparative Electrophoretic Tracings of Triatominae Hemolymph

Figure 38
Triatoma protracta protracta (Uhler), (smooth egg population)
collected 13 mi. S. Loma Linda, Riverside Co., California.
Figure 39
T. protracta protracta (Uhler), (rough egg population) Mt. Diablo,
Contra Costa Co., California. The arrow indicates the point of application of the hemolymph; this peak is not the result of a protein band.
Figure 40
Triatoma protracta woodi Usinger, 9 mi. N. W. Carrizozo, Lincoln
Co., New Mexico.
Figure 41
Triatoma protracta nahuatlae Ryckman, 12 mi. N. Los Mochis
Sinaloa, Mexico. The arrow indicates the point of application of the
hemolymph; this peak is not the result of a protein band.
Figure 42
Triatoma protracta navajoensis Ryckman, S. D. A. Mission, Monument
Valley, Utah. The arrow indicates the point of application of the
hemolymph; this peak is not the result of a protein band.
Figure 43
Triatoma protracta zacatecensis Ryckman, 34 mi. N. Fresnillo,
Zacatecas, Mexico.
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Comparative Electrophoretic Tracings of Triatominae Hemolym.ph

Figure 44
Triatoma peninsularis Usinger, 2 mi. N. Cabo San Lucas, Baja
California Sur, Mexico.
Figure 45
Triatoma sinaloensis Ryckrnan, 11 mi. E. El Fuerta, Sinaloa, Mexico.
Figure 46
Triatoma barberi Usinger, Sola de Vega, Oaxaca, Mexico.
Figure 47
Triatoma rubida uhleri Neiva, Superstition Mt., Pinal Co., Arizona.
Figure 48
Triatoma rubida cochimiensis Ryckman, 150 mi. N. W. La Paz, Baja
California Sur, Mexico. The arrow indicates the point of application
of the hemolym.ph, this peak is not the result of a protein band.
Figure 49
Triatoma rubida sonoriana Del Ponte, 15 mi. S. and 5 mi. E. Los
Mochis, Sinaloa, Mexico. The arrow indicates the point of application of the hernolymph; this peak is not the result of a protein band.
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Comparative Electrophoretic Tracings of Triatominae Hemolymph

Figure 50
Triatoma infestans (Klug), Piurnbi, Minas Gerais, Brazil.
Figure 51
Triatoma lecticularius occulta Neiva, 15 mi. W. Hondo, Medina Co.,
Texas.
Figure 52
Dipetalogaster maximus (Uhler), 22 mi. S. La Paz, Baja California
Sur, Mexico.
Figure 53
Rhodnius prolixus Stal, Venezuela, South America. The arrow indicates the point of application of the hernolyrnph, this peak is no,t the
result of a protein band.
Figure 54
Paratriatoma hirsuta hirsuta Barber, (population #1) 9 mi. S. W.
Congress Jct. , Yavapai Co. Arizona.
Figure 55
Paratriatoma hirsuta yuman.ensis Ryckrnan, (population #2) San
Francisquito Bay, Baja California Norte, Mexico. The arrow indicates
the point of application of the hernolymph, this peak is not the result of
a protein band.
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population in addition has a b peak three times out of ten, and a c peak
one time out of ten. T. p. protracta smooth egg population consistently demonstrated higher peaks than the rough egg population, a
mean difference of 1.43 cm on the d peak, 2. 0 cm on the e and 2. 06 on
the peak respectively. The migration distances of the peaks were
nearly equal. Differentiation between these two populations is difficult by visual inspection because of their similar appearances and
overlapping values on some of the peaks.
Triatoma protracta woodi, T. p. nahuatlae, T. p. navajoensis,
and T. p. zacatecensis (figures 40-43) differ from the smooth and
rough egg populations; the latter two having two peaks (e and g) in the
central portion of their patterns.
Triatoma protracta woodi and T. p. nahuatlae have peaks located
at d, g, and i but T. p. woodi has an a peak in five out of ten individuals. The g peak of T. p. nahuatlae differs from the g peak of T. p.
woodi by being consistently higher and has a mean difference of 1. 93
cm.
Triatoma protracta navajoensis and T. p. zacatecensis have peaks
located at d, f, and i only. The f peak of T. p. zacatecensis is also
consistently higher than the f peak of T. p. navajoensis, there is a
mean difference of 1.1 cm. Some of the patterns from these four subspecies appear so similar that differentiating the patterns by visual
inspection is impossible.
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The other members of the Triatoma Protracta Complex, i. e.
T. peninsularis, T. sinaloensis and T. barberi (figures 44, 45, 46)
have patterns that are species specific and differentiation is easily
accomplished by visual inspection.
Figure 56 is a canonical scattergram of the Protracta Complex.
This scattergram plots the relationship of the several members of the
Protracta Complex by indicated distances between the populations
represented. These scattergrams are calculated on the basis of the
first and second canonical variables; these two variables are a synthesis of the 30 original variables. The 30 original variables consist
of the heights, migration distances and the volumes of each of the 10
possible peaks shown in figures 25-55. The discriminant functions
(table 3, pages 69-78) are derived from the 30 original variables and
serve as a means of checking the information presented in the canonical scattergrams. The letters displayed on the scattergrams are
plotted around the male and female group means indicated by stars. A
number below and to the right of a letter indicates the number of
letters or samples that fell at this point when greater than unity.
Other dimensions are taken into consideration, but they cannot be
resolved on one plane. The scattergram alone is not capable of pointing out all the relationships. Additional information can be gained by
consulting the computer data sheets which indicate the distances in
the third dimension and make the relationships more meaningful. A
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vertical distance of one inch is indicated by a numerical measure of 5
above or below the horizontal plane of the canonical scattergram
(table 2, numerical column 3).
Note that on this scattergram T. protracta protracta A, and T. p.
protracta B occupy a large area, some of the A's lying quite close to
the 13's. The C's (T. p. woodi) and the D's (T. p. nahuatlae) lie close
together. This close relationship is evident also by inspection of the
patterns. The E's (T. p navajoensis) and the F's (T. p. zacatecensis)
are closely grouped. This relationship plotted by the scattergram is
consistent with the relationship which was obtained previously by
inspection of the patterns.
The three species Triatoma peninsularis, T. sinaloensis, and
T. barberi (figures 44-46) are distinct species within the greater
Triatoma Protracta Complex. According to the scattergram these
three species, G, H, and I are well separated from each other, and
they fall well within the Greater Protracta Complex. The I's (T.
barberi) with the exception of one are segregated while the H's (T.
sinaloensis) are mixed with the C's (T. p. woodi) and the D's (T. p
nahuatlae). The G's are located between the E's and the C's (i. e.,
T. p. navajoensis and T. p. woodi).
The structure of the patterns and the results of the canonical
scattergram suggests 'that in the protracta complex the following pairs
are more closely related to each other: . Triatoma protracta protracta
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(smooth egg) and T. p. protracta (rough egg); T. p. woodi and T. p.
nahuatlae; T. p. navajoensis and T. p. zacatecensis. The scattergram
alone points out that the following may be closer to each other than to
other members in the complex: T. barberi and T. p. protracta rough
egg; T. sinaloensis, T. p. woodi and T. p. nahuatlae. Triatorna
sinaloensis is not as relatively closely related to T. p. woodi and
T. p. nahuatlae by genetic and morphological evidence as the electrophoretic data would indicate. The same could be . said for the relationship existing between T. barberi and the rough egg population of T.
protracta protracta; the rough and smooth egg populations of T. p. protracta are certainly much closer to each other than barberi is to rough
egg protracta.
In the canonical scattergram there are some populations that
appear to be quite closely related but which on morphological and
genetic evidences are known to be rather widely separated. This sort
of discrepancy appears to be common to systematics when any one
system is used as an absolute rule of measure. The above is not
intended to indicate that computer analyses of electrophoretic data are
incapable of making significant contributions.
The third dimensional canonical variable (table I, column 3)
revealed that T. barberi, T. sinaloensis, and T. peninsularis were
not on the same plane with the canonical scattergram. This indicates
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that they were not as close as they appeared on the scattergram
(figure 56).
The three members of the Rubida Complex (figures 47-49) were
studied in this investigation, i. e., T. rubida uhleri., T. rubida
cochirniensis and T. rubida sonoriana. Triatoma rubida uhleri and
T. rubida sonoriana both have peaks located in positions d and f. The
i peak (not in figure 47) is present in the T. rubida uhleri population in
40% of the individuals tested. The patterns of these populations are
characterized by a prominent f peak which is very wide and may
occasionally be higher than the d peak. Some of the patterns from
these two populations appear very similar and differentiating them by
inspection is difficult.
Triatoma rubida cochimiensis (figure 48) differs from the other
two populations by having peaks located at b, d, e, f, and i. The f
peak is partially divided into e and f; the e peak is a little lower than
the f peak, this is a characteristic of the individuals in this population.
The scattergram of the Rubida Complex (figure 57) plots the J's
(T. rubida uhleri) and the L's (T. rubida sonoriana) closely together,
the K's (T. rubida cochimiensis) are all segregated some distance
below. The third dimension variable obtained from the computer data
sheets shows that the J's and the L's are about on the same plane but
the K's are elevated about a 1/2" above the scattergram.
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The canonical scattergram and third dimensional variable suggest
that the relationship of T. rubida uhleri to T. rubida sonoriana is
close, and that both are not as closely related to T. rubida cochirniensis as they are to each other.
The last group of six populations illustrated are from populations
representing the genera Triatoma, Dipetalogaster, Rhodnius, and
Paratriatorna. These populations all demonstrate population specific
patterns by which they can be identified.
The two Triatoma species illustrated in figures 50 and 51 are very
distinct and are readily differentiated. The sexes in Triatoma infestans were readily identifiable as indicated by the electrophoretic
patterns and computer values (table 2, numerical column 3); in the
females the g peaks were consistently shorter and the h peaks taller
than in the male patterns. The mean height values of the peaks in the
females were g = 4. 06 cm. and h = 1. 8 cm., and in the males g = 5. 6
cm. and h = 0. 3 cm. This variation in the sexes is probably responsible for the difference in male and female values in the canonical
variables. In the canonical scattergram (figure 58) the M's T. infestans, are plotted some distance from the N's, T. lecticularius.
Dipetalogaster maximus (0) and Rhodnius prolixus (P) (figures 52,
53, and 58; "0" and "P") demonstrate population specific patterns.
This is indicated by the wide distance between these two genera on the
canonical scattergram.
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The last two populations illustrated (figures 54 and 55) are subspecies of Paratriatoma hirsuta. The patterns of these two subspecies
are quite similar b ecause they both have peaks located in the d, e, and
g locations. Paratriatoma hirsuta hirsuta (Q) is characterized by having three peaks arranged stepwise. In P. hirsuta yumanensis (R) the
d and e peaks are usually the same height and are very close to each
other, the g peak appears as a low step at the base of the e peak.
These differences were quite constant in both populations. The
arrangement of the peaks, canonical scattergram (figure 58, Q, R)
and third dimensional canonical variables (table 2) all suggest that
these individuals are closely related.
The canonical scattergram is most helpful in visualizing the
relationships that may exist between the several populations investigated. For example, the Greater Protracta Complex shown in figure
56 indicates that most of the subspecies and even the infrasubspecific
rough and smooth egg populations are grouped around well-separated
means. The same situation is to be found in figure 57 concerning the
Triatoma Rubida Complex and the Paratriatoma Hirsuta Complex shown
in figure 58. However, the canonical scattergram is limited in its
usefulness in that relative distances cannot in all instances be interpreted as absolute genetic or phylogenetic relationships. For example,
according to the scattergram some of the subspecies of the species
protracta are farther apart than are full genetic species of the Greater
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Protracta Complex; i. e., Triatorna peninsularis (G), T. sinaloensis
(l), and T. barberi (I) are much closer together than Triatom.a protracta protracta smooth egg population (A) is to T. protracta navajoensis (E) and T. protracta zacatecensis (F).
In conclusion it can be stated that the electrophoretic method would
appear to be a valuable addition to standard systematic procedures.
This molecular taxonomic approach was in general agreement with the
taxonomic findings in the morphological and genetically well analyzed
populations of the Triatorna Protracta Complex. In addition to the
above the electrophoretic method is the only known procedure capable
of separating nonlaying individuals of the rough and smooth egg populations of Triatoma protracta protracta. It would appear that the greatest
contribution the electrophoretic-computer approach may have to Biosystematics is in the identification of closely related cryptic populations.

Table 3
Discriminant Function
Produced by BMDO7M Stepwise Discriminant Analysis

TPPS MA
-11612.1
4.62753 -137.84 -4287.9 44.0696 18.7320 1.94686 -605936 -2652.3 12.1584 67.6146
331.278 101.237 4047.90 -6.1977 112.702 -26.089 -139.54 -8565.7 -69.724 121.150
-13.826 -72.091 165.909 -3.0278 0.25313 -0.3054 -4.9640 217..245 0.53771 8.35593
TPPS FE
2.33541 -137•1 -4307.8 40.3475 35.3797 -0.3701 -1.5467 -2658.4 22.9647
333.065 100.809 4035.26 -5.9886 104.851 -23.977 -139.15 -8532.0 -73.014
-14.370 -72.384 169.227 -2.7194 -0.2203 -0•2972 -5.1208 217.831-0.9984

-115984,2
68.0431
124.302
8.50800

TPPRMA
7.54603 -136.84 -4223.7 44.2854 12.4970 2.96902 -8.5233 -2681.0 13.8681
329.531 105.222 4066.80 -54,1679 104.911 -25.911 -140.69 -8574.1 -68.453
-13.864 -71.019 161.263 -3.0086 0.35714 -0.3109 -5.2628 219.0i3.0.42000

-11659.4
70.0446
127.924
7.91599

TPPRFE
-11676.0
6.53631 -136.74 -4223.5 44.1061 13,0196 3.61252 -11.143 -2684.2 14.3205 70.6399
331.778 102.827 4067.52 -6.2000 116.909 -27.454 -143.36 -8598.9 -66.972 122.248
-13.490 •-71•416 156.758 -3.3171 0.22930 -0.3554 -4.8933 220.048 0.26419 7.78288
T P WOO MA
-1144000
27.2986 -1344,14 -420345 47.1671 -4.5285 3.44934 -12.413 -2662.6 9.36334 73.9903
319.877 100.204 4034.92 -4.7589 104.706 -28.916 -131053 -854305 -69.303 119.856
-144,336 -70.453 156.456 -3.2652 0.81607 -0.2852 -44,6257 217.886 1.00023 7.13565
T P WOO
7.23036
333.521
-13.442

FE
-1166361
-134.96 -4197.5 47.4475 -101090 4.64858 -184,024 -267606 8.97151 67.1679
103.497 4059.94 -4.6145 107.749 -310076 -137.12 -8588.5 -71.992 123.009
-714,863 154.017 -3.2164 0.52121 -0.2821 -4.4406 219.234 0.93744 8.3'4108

Table 3 continued

T P NAN
8.57250
324.200
-13.490

MA
-11523.2
-438.01 -4304.5 45.7600 -1.6673 3.55023 -8.3408 -2639.2 84.75694 66.0398
994.5697 4040.11 -3.6440 105.616 -344.518 -126.23 -8574.2 -75.842 1184.802
---73•010 168.018 -2.9547 0.64378 -0.2634 -s-4•8391 216,411 0.82725 84,11487

T P NAN
9.07024
322,474
-13.348

FE
-139.46 -4345.9 46.0049 -1.8384 3.22113 -3.6015 -2623.6 6.52660
100.442 4033.78 -3.2044 106.227 -34.506 -127.24 -8576.7 -69.373
-72.990 173.606 -3.1203 0.72881 -04.2987 -54.0070 214.9761.16760

-114914,3
65.7423
116.855
7.88187

T P NAV
9.87699
333.635
-13.428

MA
-1354,41 -4138.9 46.7295 -3.4438 10.5188 -224.692 -27074,0 6.81365
99.3329 4086.28 -84.5469 110.744 -19.122 -141.95 -8615.4 -764.356
-71,520 145.159 -3,1526 0.62174 -0.2679 -4.7012 222.296 1.24637

-11768442
72.9890
126.814
7,88561

T - P NAV
9.57455
332.888
-13.586

FE
-135.53 -4130.0 46.7831 -3441506 9.56044 -22.487 -2713.2 10.3229
33.7750 4085.48 -7.7794 110.055 -21.399 -140.82 -8603.8 -76.735
-71.395 144.080'-3.0686 0.57587 -3.1875 -4.7441 222.749 0.76478

-11759.2
72.3526
127.593
8.02269

T P ZAC
1.10813
332.993
-12.836

MA
-11842.3
-1364,56 -41.55449 47.8744 -8.8334 11.4515 -24.003 -2698.1 2.94092 68.4388
102.953 4091.33 -3.4880 113.104 -40.775 -131.90 -8632.1 -81.341 128.256
-72,385 146.603 -3.0600 0.83484 -0.0368 -4.6218 221.369 1.65583 8.49780

T P ZAC
4,34242
332.482
-13.231

FE
-11781.6
-135,98 -4147.0 46.6919 -6.0996 9.61610 -22.862 -2703.5 6.48812 69.9601
101.925 4085.32 -4.6347 111.530 -34.672 -134.87 -8615.4 -79.468 128.781
-72.040 145.997 -24.9705 0.68698 -0.0708 -4.7209 221.842 1013051 8.31743

Table 3 continued

T
PEN MA
-2.5800 -123•27 -3950.2 47.0064 4.20963 10.0908 -24.583 -2707•1 8.94814
333.736 103.577 4026.50 -5.1111 116.701 -31•680 -137.61 -8468.2 -68.284
-12.653 -64.059 126.338 -3.3592 0.31488 -0.4676 -4.4930 220.062 1•03953

-11500.6
69.1460
124.067
8.79415

T
PEN FE
-11553.7
-4.0319 -126.64 -3963.1 45.7449 4.94702 10.2743 -24.141 -2713.6 11•9392 68.5956
333.144 111.024 4030.50 -5•1166 111•894 -33.723 -135•10 -8469.5 -75•831 127•909
-12.777 -64.450 127.359 -3.1025 0.27584 -0.3838 -4.6291 220..743 0.54142 8.88741
T
SIN MA
6.28256 -137.03 -4293.1 43.8928 -3•6774 10.1096 -4.2734 -2631.8 5.15772
325.967 106.965 4026.20 -4.8727 106.266 -26.875 -137.82 -8542.1 -68.658
-13.070 -71.791 168.198 -2.9975 0.88180 -0•3183 -5.1941 215.235 1.46222

-11486.2
67.7497
122.474
7.89943

T
SIN FE
-11061•1
-0.6364 -137.17 -4029.9 45.6742 0.16246 10.4464 -6.5698 -2648.4 15.8915 64•8161
322.648 105.878 3937.99 -6.1671 107.893 -24.177 -130.65 -8302.6 -62.921 116.268
-13.009 -58.314 141•464 -3.0842 0.53546 -0.4657 -5•0848 214.255 -0•0012 8•92729
T RARBE MA
-11408.5
4•35518 -138•52 -4400.5 40•9489 5•63558 8•10162 -1•4671 -2576•6 11•1431 62•8316
324.370 94.7725 3995.62 -8.5099 133.726 -25.444 -130.51 -8549.9 -71.402 99.4223
-12•333 -73•768 183•510 -2.9188 0•80085 -0•3335 -4.7385 211.863 1•03151 5.58850
T RARBE FE
2.06231 -139.76 -4390.7 39•9972 7.68269 9.77948-0.0111 -2608•6 11.9024
326.743 98.7777 4021.48 -5.3934 118.036 -30.470 -134.41 -8599•3 -70.419
-12.086 -74.500 180.610 -2.9180 0.74742 -0.4479 -4.8605 213.718 0•99587

-11470•6
56.6219
128.033
5.38192

Table 3 continued

T R UHL MA
-11750.0
6.17285 -135.64 -4141.2 37.2092 -3.4582 14.6467 -22.222 -2709•1 5.83075 79.8992
338.698 98.9743 4079.49 -8•5610 106.940 -15.906 -146.67 -8641.8 -73.827 130.125
-11.532 -s-73.190 147.267 -3.3019 0.94264 0.60986 -4.3498 223.391 1.98987 6.44211
T R UHL FE
S
7.42752 -134.13-4157.3 33.1787 0.30021 11.7778 -18.911 -2701.4 4.81395
337.635 100.650 4069.73 -7.0184 107.046 -19.215 -149.56 -8649.2 -66.649
- 11.525 -..73.064 150.003 -3.2410 0.76700 00.26307 -4.4626 222•465 1.97519

-116,47.2
81.8534
131.824
5.88839-

T R MAG MA
-11267.0
10.9498 -127.91 -4170.2 41.2078 -1.6085 15.3109 -10.088 -2649.6 7.76895 76.6943
330.739 73.3810 4011.50 -10.060 115.556 -17.472 -131•82 -8513.9 -68.780 112.437
-12.624 -68.759 154.204 -3.3732 0.85328 -0•5482 -4.6021 217.267 1.29274 6.91593
T R MAG FE
-11253.3
5.76537 -115.07 -4177.7 38.7560 -2.4698 17.9623 -9.0223 -2632.5 4.64433 75.3517
330.433 89.5022 3994.59 -7.2685 112.513 -22•952 -134.62 -8506.1 -63.768 115.144
-11.848 -71.485 157.180 -3.3483 0.95130 -0.6802 -4.5244 215.208 1.83833 7.00494

R SON MA
4.06946 -136.26 -4132.6 41.3508 -5.7475 13.9942 -23.381 -2712.1 8.00297
336.720 99.6086 4081.68 -7.0753 109.740 -23.883 -140.97 -8622.7 -77.588
-12.149 -72.759 145.481 -3.1454 0.89750 0.52124 -4.4659 223.324 1.41796
T

-11770.4
75.6634
129.354
7.35891

R SON FE
-11786.5
2•37149 -136.48 -4144.4 40.0572 -6.0778 11.4049 -23.369 -2709.5 7.68367 75.2507
336.309 99.9459 4080.78 -5.9336 109.369 -29.727 -136.40 -8628.3 -84.083 1.30.449
-12.034-73.530 146.870 -3.0125 0.89874 0.88684 -4.4764 223.442 1.31625 7.31120
T

Table 3 continued

-10143.3
T
INF MA
-3.5516 -.419.42 -351200 38.5170 0.20371 9023666 -10.256 -2531.7 4.98935 62.4891
329.413 102.817 3756.52 -3.9546 109.247 -320207 -140.01 -7786.9 -62.800 112.363
- 11.904 -66.052 106.096 -2.9623 0.52167-0.4657 -4.2658 207.347 0.81340 6.28920
-12328.1
T
INF FE
-1,6685 -120.26 -3498.0 47.1793 3085424 7.05683 -21.150 -29. 83•7 2404091 62.8353
331.455 112.419 4190.21 -4.8407 107.926 -30.324 -146.69 -8429.7 -65.521 145.873
--14.021 -57.695 64.3730 -3.1404 0.01506 -005480 -407103 235.842 -1.7039 10.8476
-11714.0
T LECT MA
1.82355 --•135•94 -4155.2 44.8620 -9•4728 14.3406 -230718 -2696.0 4.34839 7007161
333.493 99.2089 4073071 -5.0533 111.962 -34.272 -131.38 -859307 -860026 130.757
- 13.462 -73.002 147,0744 -2.4757 0080152 -0•0259 -408587 221.468 1•09358 8.71132
-11715.4
T LECT FE
1.34622 4..435.76 -.44155.6 43.8767 -908687 1506331 -230670 -2689.2 0090622 71.6018
334.690 98.9388 4062,28 -5.3267 111.821 -31•305 -134.80 -858906 -800322 130.890
- 13.327 ....72.902 148.866 -2.5184 0.82255 -0.0584-4.8259 220.870 1.41098 8.64781
-11482•9
D
MAX MA
29,6297 -•.134•35 -42220.8 37•0176 13.0679 9•46531 -14•682 -2700.5 6•4298-9 83•9076
301•281 97.1660 4082•17 -5•2624 95•5015 -26•548 -135•11 -8683.1 -77•197 133.308
-11•317 -7f,663 156•201 -3•0968 0•69218 -0•3652 -4.9043 222•686 1•07748 5•29417
-11387.
D
MAX FE
16.3468 -.433.96 -423409 3806911 9.66081 4.51010 -13.449 -2685•1 9.54512 71.7689
287.963 95.5031 4070.93 -609154 8607373 -160505 -134.46 -8670.0 -77•765 129•981
- 5.5342 •..74•135 158•393 -300845 1000377 -0•3092 -4.9912 221•338 0.75620 5.45224

Table 3 continued

-11552.2
R PROX MA
-4.7876 -134.58 -4238.0 38.6440 -2.0878 5.38928 - 18.981 -2645.4 6.83562 51.9731
345.386 100.305 4026.71 0.83248 93.6456 -47.265 - 125.71 -8687.8 -73.198 137.841
-8.6765 -74.291 162•183 -3.3606 0.65167 -0.0898 - 3.7041 217..109 1.55347 3.07308
R PROX FE
15.8681 -135.14 -4228.2 36.2052 -2.4968 5.84342 - 14.312 -2680.2 8.45720
325.668 100.580 4055.17 0.20354 96.2869 -45.666 - 124.02 -8699.2 -72.799
-11.734 -74.104 158.659 -3.3542 0.80709 -0.1645 -4.2708 220.125 1.27182

-11497.0
66.4511
143.705
3.64655

P HIR 1 MA
6.03607 -135.38 -4226.7 36.1354 26.2783 4.81917 -9.3734 -2691.7 15.4905
337.650 101.776 4074.78 -7.4836 114.894 -22.299 -149.02 -8606.2 -70.835
-13.646 -72.362 157.325 -2.9482 0.72524 -0.3165 -4.9568 220.868 0.48489

-11745.0
77.4039
130.025
7.19175

P HIR 1 FE
1.74970 -135.78 -4227.2 37.0734 23.6135 9•40126 -10.881 -2689.8 13.7731
338.716 102.012 4079.20 -7.6591 122.734 -25.712 -147.37 -8621.4 -71.406
*-13.001 -72.490 156.989 -3.1243 0.60935 -0.3732 -4.8398 220.860 0.74821

-11785.0
76.7972
126.108
7.29536

• P HIR 2 MA
1.42044 -135.30 -42.02.6 37.4292 43.2752 2.77808 -11.282 -2704.4 17.3153
343.890 102.953 4082.00 -8.9773 113.601 -18.096 -153.20 -8624.5 -69.301
-13.290 -71.425 154.102 -3.5075 0.32518 -0.2469 -4.5683 222.024 0.36792

-11897.2
76.8751
128.208
7.33040

-11896.6
P HIR 2 FE
-1.1405 -133.56 -4177.1 34.4008 43•7381 4.02676 -13.643 -2711•1 16•9111 78•7707
345.775 103.188 4083.41 -9.5017 122.443 -19.542 -156.29 -8633.3 -69.440 128.199
-12.877 -71.441 150.913 -3.3940 -0.1034 -0.3143 -4.5444 222.735 0.31337 7.11298

Table 3 continued

IDENT. SEX
H1
H2
M1
M2
V1
V2

H3
M3
V3

H4
M4
V4

H5
M5
V5

H6
M6
V6

H7
M7
V7

H8
H9
M9
M8
V8 . V9

CONSTANT
H10
M10
V10

Table 3 continued
Key to Abbreviations
TPPS MA = T. p. protracta, (smooth egg) male.
TPPS FE = T. p. protracta, (smooth egg) female.
TPPR MA = T. p. protracta, (rough egg) male.
TPPR FE = T. p. protracta, (rough egg) female.
T P WOO MA = T. p. woodi, male.
T P WOO FE = T. p. woodi, female.
T P NAH MA = T. p. nahuatlae, male.
T P NAH FE = T. p. nahuatlae, female.
T P NAV MA = T. p. navajoensis, male.
T P NAV FE = T. p. navajoensis, female.
T P ZAC MA = T. p. zacatecensis, male.
T P ZAC FE = T. p. zacatecensis, female.

Table 3 Abbreviations continued
T PEN MA = T. peninsularis, male.
T PEN FE = T. peninsularis, female.
T SIN MA = T. sinaloensis, male.
T SIN FE = T. sinaloensis, female.
T BARBE MA = T. barberi, male.
T BARBE FE = T. barberi, female.
T R UHL MA = T. rubida uhleri, male.
T R UHL FE = T. rubida uhleri, female.
T R MAC MA = T. rubida cochimiensis, male.
T R MAC FE = T. rubida cochimiensis, female.
T R SON MA = T. rubida sonoriana, male.
T R SON FE = T. rubida sonoriana, female.
T INF MA = T. infestans, male.
T INF FE = T. infestans, female.

Table .;3

Abbreviations continued

T LECT MA = T. lecticularius occulta, male.
T LECT FE = T. lecticularius occulta, female.
D MAX MA = D. maximus, male.
D MAX FE = D. maximus, female.
R PROX MA = R. proxilus, male.
R PROX FE = R. proxilus, female.
P HIR I MA = P. hirsuta hirsuta, population 1 male.
P HIR I FE = P. hirsuta hirsuta, population 1 female.
P HIR 2 MA = P. hirsuta yumanensis, population 2 male.
P HIR 2 FE = P. hirsuta yumanensis, population 2 female.
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Summary
Agar gel diffusion methods indicated that two distinctive Triatominae species from South America could be distinguished from
typical North American species; it was also possible to distinguish the
m.onotypic genus Dip etalogaster from other North American populations.
A total of 180 electrophoretic tracings of Triatominae hemolymph were made from 18 populations of kissing bugs. Closely
related populations of the Triatoma Protracta Complex, Triatoma
Rubida Complex, and Paratriatoma Hirsuta Complexes showed group
relationships within each of the complexes and distinctive differences
between species groups.
Data derived from the electrophoretic studies and analyzed by IBM
computers have indicated that all genera, species and subspecies
studied could be positively identified. Seventy-five per cent of the
members of the morphologically indistinguishable infrasubspecific
rough and smooth egg populations of Triatoma protracta protracta were
correctly identified. In addition to the above 89% (159 out of 180) of the
fifth instar nymphs were correctly classified to their sex.
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ABSTRACT

A taxonomic study of the subfamily Triatominae was conducted to
determine systematic relationships using agar gel diffusion methods in
the differentiation of ova antigens and electrophoresis to differentiate
hernolymph proteins.
Agar gel diffusion methods indicated that two distinctive Triatominae species from South America could be distinguished from typical
North American species; it was also possible to distinguish the monotypic genus Dipetalogaster from other North American populations.
A total of 180 electrophoretic tracings of Triatominae hernolyrnph
were made from 18 populations of kissing bugs. Closely related populations of the Triatoma Protracta, Triatoma Rubida, and Paratriatoma
Hirsuta Complexes showed group relationships within each of the complexes and distinctive differences between species groups.
Data derived from the electrophoretic studies and analyzed by IBM
computers have indicated that all genera, species and subspecies
studied could be positively identified. Seventy-five per cent of the
members of the morphologically indistinguishable infrasubspecific
rough and smooth egg populations of Triatoma protracta protracta
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were correctly identified.

In addition to the above 89% (159 out of 180)

of the fifth instar nymphs were correctly classified to their sex.
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